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OFBRATING MANUAL

MODIFIED HENDERSON APPARATUS

1. DESCRIPTION

The modified Henderson dynamic agercsol generating devicel/ of the U. S,
Arimy Medical Unit was const;ucted in 19572 A his apparatus has bezn guccess -
fully used to expoii/mice,g guiysaIR}gs,_L; rabbits, monkeys,ZJ_;lg;i_

r
Pig<, chimparrena 22/ and humane~2--2' to _aerosqgls of bactevial ﬁnores,g;ﬁ;f’
vegetative bacteric,22/=2322=13/ viruges,<19:4Y% and toxins.il;2/

The principle of operation is as follows: a suspension or solution of L
bacteria, viruses, or toxin is aerosolized by wecans of a Coilison generator.lL’
This geunerator is driven by cowmpressed air at a rate of 8 L/min; it dissemi-
nates 0.2 ml/min of suspengion or solution, produciug particles 80% of which
are < 2 4 in dlameter. The resulting aerosol, wixed with 20 £t3/m1u of wet
and dry air combined to give & desired relative humidity (RH}, travels along
an exposure tube at the rate of 7.3 ft/sec. This stainless steel tube is
8 ft long and £ inches in diameter. At the exhaust ead the air passes
successively through a deepbed fiberglasy iilter, an electric {ncinerator
(425 F) and finally through another series of deepbed filters, A simplified
flow diagram, Figure 1, shows the path of asir through the system.

It is possible to expose simultaheously 30 mice, 12 guinea pigs orx
3 monkeys by utilizing 3 ports which are attached horizontally to the
exposure tube. Air is drawn from the tube past the animal's head and
collacted for assay by means of air samplers such &s all-glass impingers
(AG1-30"8) operated from house vacuum lines. This operstion is shown

-

diagrammatically in Pigure 2. Figures 3 and 4 show the apparatus photo-

imd a 4 1
b

3 11 e d - - P ~ £
graphicall ning aCvicd an the center of

ically. Neote the gulnes plg restr

& Pas LT8GNi

Figure 3, and &4 cans in holders at the middle port. Slit samplers and
impingers are shown in operating positions,

The impinger fluid is assayed by means of plzatc cousnts in the czsc cof
bacterla, animal titrations with viruses, and fluorescence meter determina-
tions when s fluorescein tracer is used. Since the air flow of the sampler
and the time of sampling is known, the concentration per liter of the
aerosol can be calculated. The dose can then be determined by multiplying :
the concentration per liter by the number of liters in?aled. (This latter R
value 1s derived from the tidal volume of the animal20/ and the length of
exposure.)

The apparatus was originally designed to have an aerosol concentration :

reproducibility of t 0.5 log, but desired dosages have routinely been
accomplished within 0.1 to 0.2 logs.
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FIGURE 3. AEROSOL EXPOSURE APPARATUS (FRONT VIEW).




FIGURE 4. AEROSOL EXPOSURE APFARATUS (REAR VIEW).




The aerosol suite, shoun in Figure 5, consistg of the eéxposure room,
an anteroom for storage and transfar of siaimals, and a shower and change
room. This sufte is kept at & 0.2 -« U.3-inch negative sair pressure
differential to the main hallway. A laboratory is lecated adjacent teo
the suite and connected by means of a pass box, This facilitares assay
procedures since samples can be delivered from the suite to the laboratory
safely and rapidly. The laboratory perscnnel can communicate directly
with the suite through a speaking diaphragm without a break in the barrier
aystem.

1I. GEKERATION

A. GENERATOR HEADS

The Collison generetor is shown in Figure 6. Two heads shown in
Figure 7 have been used with the Collison generator: a round-sided omne
which has always been used with one bottom screw removed and a hexagonal
one which has been used only with all 3 bottom screws in place. The
hexagonal head is used exclusively for toxin generation. The reason for
removing one screw in the round-sided head is merely one of precedent,
1.e., for some unknown reascn &ll early calibrations were made in this
manner and the practice has been continueéd. The heads can be gutoclaved;
side and btottom holes can be cleaned with syringe uncedle cleaning wires.

B. GENERATOR JARS

One pint, acrew-topped jars are normally used as fill suspeasion
containers. These can hold 120 mi of material which is usually sufficient
for about 20 min spray time for human expoeures. For monkey exposures,
one £1l1 can be used for 30-45 min spray time without much alteration of
concentration.

Several moditied jary have bteen used for special purpotee. One is &
shortened jar which requires only 75 ml of susgension materiel. When
only a small amount cf material iz available, a modified well jar can be
employed which utilizes only 20 ml. This jar can be used for about a
30-min spray time, although a higher concentration occurs with time due
to the settling out of large particles.

C. JACKETS

When a standard screw-topped jar is used with living organisms, a
water jacket (stainless steel) is clumped over the jar. (Figure 6)
Prior to use this jacket is filled with water and kept at 4 C. When the
well jar is uged with living agents it is placed in a beaker containing
ice water ‘uring operation. When napviable agente are uged the far is
placed in a constant temperature water bath set at any desired temperature.
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FIGURE 6. COLLISON GENERATOR WITH WATER JACKET.




FIGURE 7. HEXAGONAL AND ROUND COLLISON
GENERATOR HEADS.
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D. SFRAY FLUIDS

The following fluide are used as suspending fluids for various agents:
phosphate buffered saline (PBS) solution, pH 7.4, containing 1 or 2% noimal
rabbit serum (NRS) for viruses; tryptose saline for Pasteurella tularensis;
sterile distilled water (for injection) for Bacillus anthracis spores or
staphylocnccal enierotoxin B,

E, CULTURES

Bacterial, rickettsial and viral cultures and toxina must be obtained
or preparaed well in gdvance of the exposure date to allow sufficient time
for determination of purity, virulence, and aerosol characteristics.
Bacterial cultures must be plated to det~rmine atock concentration and
should be titrated parenterally in anima.s to determine virulence. Viral
cultures should also be titrgted in arn‘mals to determine concentration of
stock material. B. anthracis spores should be heat shocked for 30 min at
60 C. All material to be aerosolized should be plated to agsure absence
of contamination and calibration trials should be conducted prior to actual
exposure to determine percentage recovery of the aerosolized agent. Requests
for cultureas from outside agencies should state the type of study and animel
species to be used, requesting cultures devold of allergenic constituents.

111, COLLECTION

Many types of air samplernlﬁ/ can be utilized. Those usually employed
are listed below:

A. IMPINGERS

This all-glass impinger (AGI=30), shown in Figure 8, is the most widely
ussd for the collacticn of viiuses, becieria; and toxine, The sampler

< alyaisn

containe & 12.5-L/min criticel orifice through which the afir f{as drawn by
means of a vacuum; the organisms are impinged in 20 ml of collecting fluid

‘contained in the sampler. With thie sampler a sustained vacuum of at least

15 inches of Hg is raquired to maintain the critical pressure ratio across
the orifice, which, in turn, produces sonic velocity. Therefore, vacuum
gauges have been installed in each;vacuur line. The impingers can be
checked for proper air flow by using a wet test mzter. The length of the
tubing connecting the impinger to the exposure port affects recovery and
should be kept as ehort as poasible.

Collecting fluids used in the impingers are the same as the spray
suspension fluids for the respective agents (P. tularensis, tryptose
saline; viruses, PBS + NRS; spores and enterotoxin, water for injeciion).
When tryptose saliue or phosphate buffer is used in the impinzer, one
drop of Dow-corning Antiform A (Dow-Corning Corp., Midland, Mich.) must
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-ba addad. Impingers (Ace Glase Co., Vineland, N. J.) are normally zun for
no longer than 10«15 min becauss of evaporation, concentrsation of media
components, and deleterious effect of continued aerstion on fragile corganisms.

B. SLIT SAMPLERS

Fort Detrick slit samplers (Figure 9) have been_used on occasion for
low-concentration aerosols of bacteris and viruses.l®/ I this sampler the
aerosol is ccllected at a rate of 28.3 L/min; the organisms are impacted on
a rotating 150 x 20 rma ager plate., With bacteria, this sampler renders a
time-concentration relationship which requires no laboratory manipulation
since the plate itself is incubated and the colonies counted. However, this
sampler gives the number of psrticles, not necessarily the number of organisms.
The sampler contains no critical orifice so it must be precalibrated with a
wet test meter and a manometer board which is marked when a flow of 28.3 L/min
ie attained. By the ue~ of a valve, tue sewpler tiow 18 thereafter set at
this mark during sampling. The agar concentration in the plates should be
1.5 - 2.0% to avoid damage during sampling. For viruses, PBS + NRS + 8.0%

gelatin has bnen used. After sampling, the plate ig¢ liquefied at 37°C for
30 mip and titrated in animais.

C. MEMBRANZ FILTERS

Membrane filters (Figure 10) can be used for collection of spores, taxin,
or dye. Millipore filters (0.3) (Millipore Filter Corp., Watertown, Mass,)
have been used effectively to recover aerosolized sodium fluoresccin. When
spores are collected the filter can be washed or, in the case of low concen-
tration, placed directly on agar, incubated, and counted directly. Toxin or
dye can be washed off with water. Since this sampler has no critical orifice,
the flow rate must be measured or a critical orifice can be inserted behind
the sampler, provided the flow rate in the system is then determined,

D, OTHER SAMPLERS

Samplers such as Cascade impactors (Figures il and 12,, in which organisms
arc lmpacted on glass slides,lg?ve been used for special purposes, e.g.,
fluorescent antibody studies.==' However, it is usually nacessary to employ
AGI-30's at the ssme time to give an accurate estimate of saerosol concentration.
When Cescade impactors are used, an in-line 18 L/min critical orifice is used.

IV, ASSAY

Although impinger samples have been held up to 2 hr under refrigeration
without significant change in viabilicy, they should be processed as soon
as possible after collection. Some organisms (e.g., spores) can ke held
> 24 hr under refrigeration in the frozen state. After sampling, the amount
of remaining collecting fluid should be determined volumetrically, or if
§réater accuracy is desired, by weighing the sampler before and after use.

el WA a1t




SAMPLERS
FIGURE 8. ALL-GLASS IMPINGER (AG 1-30).
FIGURE 9. FORT GETRICK SLIT.
FIGURE 10. IN-LINE MEMBRANE FILTER




N Y T TS T A TR G T N TR Y RT NN 1L

FIGURE It 8 12. 4-STAGE CASCADE IMPACTOR
(DIAGRAM 8 PHOTOGRAPH]).
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A, BACTERIA

Seridl log dilutions are wade in appropriete diluting fluid, ».g.,
steriie distilled water for spores, tryptosa saline for P, tulerensis;
0.2 ml of each dilution should be streaked on & minimum of 3 p;c~ea.
The countable plate range 18 considerad to be 30-300 colonies/plate.
The average plate count from the appropriate dilution level is then used
to compute the concentration of orgauisms in the impinger fluid, B,
anthracis spores are plated on nutrient agar and counted aftor incubation
for 24 hr at 37°C. P. tularensis is plated on glucose cysteine blood agar
(GCBA) and incubated at 37°C for 48-72 hr before counting. Dilutions of

the impinger fluids can also be inoculated intc animals to deteruines
virulence.

B. VIRUSBS

Serial log dilutions of viruses are made in appropriate diluting
fluid, e.g., PBS + NRS, Portiovns or each dilution are then inoculated into
appropriate agimals (6 animals/dilution) which are obgerved for resccion.
Values for median lethal or median 1mmunizin§ doses (LDgqy or LDgq) are
calculated by the method of Reed and Muench;2?/ the virus concentratlon of
the impinger fluid may then be determined., When viral vaccines are asro-
solized, animals must be bled for ser.logy and/or chLallenged with virulaent
virus at a later dats., The asrosul concentretion is then determined and
expressed as IDsg/L.

C. TOXINS

When toxins are used the impinger fluid can bes diluted and {noculated
into animale and/or subjected to protein or total nitrogsen analysis. If
a dye tracer such as godium fluorescain has been added, ths dys is measured
directly with g Photovolt fluorescence meter (Photovolt Corp.. New York.
K. Y.; by wnien the concealratica/L of dye cén be calculated. Tnis value
multiplied by the toxin:dye ratio indicates the concentration of toxin per
1iter.

V. CALCULATIONS

A. CLOUD CONCENTRATION

To estimate the number of organfisms or Infectious units/liter of aerosol,
the sampler fluid wusc first be quantiteted as above (%ection IV. A, B or C).
A general formula for estimsting Ccncentrati~c/L of Asrosol is:

(1} (Concentration/ml sampler fluid) X Sampler volume
Sampler air flow rate X Sampling time

With bacteria, if 0.2 ml is plated, the formula becomes:
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(1a) (Average count/0,2 m] X 5 X Dilution factor) X Sampler volume i
Bampler £low rats X Sampling tims

With viruees, 1f 0.5 ml inoculum 1is used:

{1b) (IDsgy or LD5p/0.5 ml X 2 X Dilution factor) X Sawpler volume
Sampler flcw rate X Sampling time

With flucrescein-toxin suspension, to obtain toxin concentratiou:

(lc) (Loncentration of fluorescein/ml f{apinger fluid) X Sampler volume
X toxin:fluorescein ratio
Sampler flow rate X Sawmpling time

B. DOSE DETERAINATION

Estimation of aniwal respiratory dose is depcudent on the number of viable
organisms/L of air, respiratory tidal volume of the animel, and duration of
exposure. The feormula for Inhaled Dose is:

(2) Concentration of aerosol/liter at exposure time X
Minute respiratory volume (breathing rate) of animgl X
Exposure duration

The breathing volume of animals 1s usuelly obtained by Guyton's furmulq:gg/

2.10 X (Body weight in gn)3/4
0.32 ml/gm per min :

(3) Bre-eihing rate (ml air/min)

The respiratory volumes commonly used are:
Rhagus monkey (3 kg), 1 L/min

Guinea pig (300~350 gm), 0.1 L/win
Mouse, 0.025% L/min

Volunteer exposures involve weasuring the expired air directly with a
dry gas meter connected to the mask with a 2-way valve systam. Volunteers
usually breath about 10 L of air in their l-min exposure period.

C. SPRAY FACTOR

The epray factor (SF) is the ratio of the number of organisms fuo the
spray suspension to the nuzber of organisws in the aercosol, expressed
logaritnmically, 1.,e.,

(4) S8F = Concentration/ml of suspension
Concentratfion/L of sercsol
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o
A saupis celeulasicn would ba: 87 « £.X.10° 109.778
2 x 105 10%.301

s 4,477

A spray ractor must be determined for each type of suspension fluid,
each time Lthe gpray head or air flow ieg changed, sach tiwme the apparatus
is dismantled and reasssmbled, and with each new culture. The spray
factor is used in determining the concenirsticn ¢f orgsanisms required in
the suspension tc effect the desired dose.

(5) Concentxation/ml Sugpension o SF X Concentraction/L Aeroscl
D, X\ 1.7 OF DRTERMINATIONS REQUIRKD FOR AN EXPOSURE

Asgume that monkeys sre ta bz exposed to 10,000 cellz of F. tularensis
during a 5-min expcsure period.

1. Stock Culture Concuentretion

Inici{al plating of stock culture might give the following results:
(0.2 ml/plate on each of 3 plates)

10~7 plates = TNTC
1078 plates v 93, 86, 85: Average = 88.0/0.2 mi or 440/ml

(Since the 10-8 plates are in the 30 to 300 range, this uverage is used.)
440 x 10%/m1 - 4.4 5 101%/m

2. Calibration Run

A fill suspension i{is made cf a 103 dilutfon of the stock culture.
Thie should bz cqual to aboui 4.4 x 10°/aY. The tris e then need to spray

2 clouds of 5-min duration each. Kach cloud {smmpled with 2 fupingers
(pooled after sawpling) locatud at each of the 3 wonkcy porxty. The follusing

plate counts might be gttgined:

Sampie Pilution Count/0.2 ml Average
Fill auspension 107 79, 83, 103 "R, 33
Cloud ¢#1, Port A 10~} 90, 110, 8% 95,00
Cioud €1, Fort B 107} 63, 04, 76 81.90
Cloud #1, Port C 1¢~% 109, 86, &7 94.67
Sloud $2, Port A 10°! 87, 9%, 99 93,33
Cloud #2, Port B 10°} 106, 105, 94 102.€0
Cloud #2, Port ¢ 107} 140, 107, 115 120.567

Assuming lmpinger volume of 20 ml and air flow of 12.5 L/min, and using
Equation (la); Section V. A.:

PYCSRVEI
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Conc/L of serosol = Totsl number of crganiams in 1mpingsy
usbar of 11cexs sampled (Bqustion 1)

(Count/0.2 ml X 5 X Diiuticn factor) X 20 sl
(12.5 L/oaln X 5 min)

W

Average count/0.2 ml X Dilucion factor X 100
62.5

(Count/0.2 ml X Dilution factor) X 1.6

.. Cloud #1, Port A 95.00 X 10! X 1.6
3 1520
log 1520 = 3.18184

Thus, the following per-liter recoveries are determined:

Cloud #1, Port A = 1520 log = 3.18184
£loud #1, Port B = 1296 3.112061
Cloud #i, Port C = 1515 3.18)J41
Cioud #2, Port A = 1493 3.17406
Cioud #2, Port B = 1632 3.21272

C = 1931 3.28578

Cloud #2, Port

Sinze the fill suspension equalled 4.42 X 107/ml (88.33/0.2 ml X
5 X 10% diiution factor), expressed logarithmically as 7.64542, and the
Gbncentrutton/nl of suapension
SF = "-Concentration/L of aerosol , each of the log per-liter recoveries
are subtracted from 7.64542 to give 4. 46, 4.53, 4.47, &.47, 4.43, aaod 4.36,
or an averags -spray factor of &.45. Ce g

3., P11l Concentration

Since the spray factor has now Esen determined (4.45%), and the count
of the stock culture is kaown (%.4% X 10°Y/ml), the £111 concentration
necessary to give the desired dose (10,000 organisms) cac now be dstermined.

- Since the tidal volume of rhesus monkeys is 1 Lf{min, during a S5-min
exposure they will inhale 5 L of aseroscl. Therefore, to receive 19,000
organisms the aerosol concentration must equal 2,000 organiems/IL (log
3.30103). 6ince Concertration/ml sugponsion = Concentration/L aaromol
(3.30103) X sprey !actor (4.45), this £111 naterial should contain 7.75103
logs/ml, or 5.63 X 107 orgenisms/ml. .

e g choek  padh.s
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. To attain this concentration, 1.28 ml of etock material (4.4 x L
1040/e1) tso added to 8.72 i &syptoan salina to giva a concantystion of R
5.63 x 10*Y/10 m}!, or 5.63 x 107/ml. ‘Two further log d11$cionu are made S
to give the desired quantity which will contain 5.63 x 10°/ml, e.8., 2 ml
into 18 ml followed by 10 ml into 90 ml will give 100 ml containing
5.63 x 107 /ml

To datermine proper plating dilutioneg, ££ the aerosol concen-~

tration/L = 2,000, and Concentration/L = Count/0.2 ml X Dilvtion X 1.6,
2000

then count/0.2 ml X Dilution = 1,6 , or 1250. Therefore, 0.2 ml @f undi-
luted impinger flufd will coatain 1258 organisms, 0.2 wi of & 107* dilution
will contain 125, and 0.2 ml of a 107 dilution will contain 12.5. Since
125 organisms will produce countabla plates, 0.2 ml of the 0% dilugion
should be plated as well as the dilutioc on either side (10 and 1074),
using 3 plates/dilution.

E. VIRUSES

When viruses are used, the spray factor {s determined in the same
manner using 50% endpoints based on animal titrations. The IDgg or LD oiml
required in the £111 suspension to give the dosired dose is then calculated.

F. TOXINS

When a dye tracer {s employed with & scluble toxin, a spray factor is
determinad by dividing concentraticn/ml of dye in the f£ill by concentration
of dye/L of aerosol. The spray factor is then used to detereing how much
agent must be present in ] ml of the fill to give the desired doss. BEncugh |
dye must be used in the £ill to permit ao acscurats sessy of iapinger fluid, |
dependent oo the range of the fluorescence meter (0.1-1.0 ug/ul gives mest
accurate resultes with the Pnotovnit meter). The dye concentration per
liter of aerosol is multiplied by the dve:toxin ratio te givs the toxin
concentration. ] |

VI. OPERATIOM ?

A. PRECPERATION.CHECK ‘.

Before an exposure or calibrstion run 18 begun, it is neceasary to
check the following items:

1. Huntdity recorder - turn on and check for proper opazation. 1If
indicetor will not gtabilize, replace dry cell battery. Aliso replace
paper chart, if necessary, aad check ink level in pen reservoir.

2, Drein mask sair lioes, L1f hoods or suits are to be worn. Bleed
lines for 5 min or longer to exhaust any condensatiou and confirm that
lines are not plugged.
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3. Recove acrew plug from humidiffer and fi11 to top with water.

4, Drain air mixing chambexr locatad above rotamaters by opsning valve
until all water ia exhausted,

5. Check vacuum pressure gauge located asbove sesled door. Gauge should
read 20-25 inches Hg.

6. Check secondary air pressure. Gauge should read 55-60 psi.
7. Check primary air pressure. Gauge should read 55-5v psi.
8. Release tubing from manometer above control panel to make sure oil

leve! reads 0. If not, adjust or add red oil (sp. gr. V.086). Replace
tubing.

9. Open trap door in hallway, close all doors Eo aerosol area, and make
sure manomster on gsealed door indicates at least 0.2 inches H20 negative
pressurz in aerosol exposure suite.

B. OFBRATION
1. Throw main switch on main electrical pancl to ON position,

2. Turn axhaust blower switch, humidifier pump swicch, and hcater
awitch located beiow main electrical panel to ON.

3. . Turn incinerator switch next to main panel to ON.

4, Turn vacuum blower switch, wet air switch, dry air switch and alarm

- W -~ ~se

switeh 15\.622 1) contiol panel above fube io ON.

S. Turn humidity indicator and recorder to ON. Stabilize recorder (as
per instructions located inside cover) and s#djust indicator.

6., Set heater thermcatat at 80°F.

7. Preas secondary air ON button located to left of rotameters.

8. Open bo-tom wet air rotameter slowly to full open. Slowly open top
valve and bring top of float to desired setting. Repeat with dry air rota-
meter, Settings will depend on alr flow and relative humidity !FH) desired.
A total reading of 200 on both roteweters will give about 20 ft °/mia, which
is used for all viable agent expooures. The ratio of wet to dry air can be
varied to attaln the desired RH, but the total reading of 200 shouid not be
exceeded. JXf tube shuts dovn duxing this operation, leaks or open port
valves s8hould be suspected. Also make sure primary air valve is closed at
generator. When this air flow is used, vacuum mapcaster should read 0.2-0.3
inches H20. In cases where s lower spray factor is desired, e.g., when
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using staphylococcal enterotoxin B, & total reading as low es 33 (3,5 ft3/
min) can ba uesed, provided the largs t&d exhauist wheel at ths end £ tha
tube 18 closed proportionately to give a vacuuvd manometer reading of 0.4
inches H20.

9. Scabilize 1 hr or more, making necegsary adjustments in wvet to dry
air ratio to achieve desired RH.

10. When desired RH {s attained, ascrew on fill jar containing cuspension
and open primary air valve at generator.

11. Place animals at ports as detailed in next section and attach
impingers.

12. Turn switches to ON for respectivs impinger vacuum lines being usad,
leaving "main’ switch OFF. Make sure port valves are open,

13, Set timer for desired spray time.
14. When ready to expose, turn "main impinger" and "aerosol" switchas

to ON, Check impingers for proper vacuum gauge reading and evidence of
bubbling.

15. At the end of each exposure period (when timer buzzer sourds) turn
"main" impinger and "aerosoi’’ switches to OFF; closc port valves before
removing animals and impingers.

16. Five minutee before terminacion of the last expcsure, turn incin-
erator off.

17, When last exposure is terminated, turn humidifier pump, heater,
and humidity indicator to OFF.

18. Close top rotameter valves first, then bottem valves.

19, Remove £111 jar, replace with jar of distilled wster, set timer
for 5 min and tuxn "aerosol'" swvitch to ON. Allow to spray for this
period, then turn "aerosol" switch to OFF.

20. ‘Throw msin switch on main electricel panel to CFF.

C. EXPOSURES
1. DMonkeys
Yonkeys are placed in inner metal boxes with the hinged end
closed over the neck and fastenzd., The box is then placed in the outer
aluminum box which is sealed by closing rhe attached fasteners. (Figure

13) Both boxes are placed on the support track which has previously
been attached to the tube supports; connectic 1s wmade with the push-pull
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valve which hes been attached to asach purt, as shown (n Figurs 1l4. At
thie time tha soclenocid port valve should ba in & closed position and the
cannister valve attached to the outer box should be open, psrmitting the
monkey to braathe filtered room sir. The impingers are tnen attached to
the outer box and vacuum lines connectzd., When exposure i{s to begin the
cannister valve 1s closed, the port valves are opened, and the aeroasol
generator is turned on, permitting the monkey to breathe the aerosol cloud.
When exposure is terminated, the port valves are closed, the imptngers are
removed, and the csnnister is opened. The box is removed via the push-
pull connector and tmken to the zerosol suite anteroom, where it is con-
nected to the vacuum manifold., The box is then airwashed for 10-15 min
(90-100 L air/min), aiter which the box ie taken to the animal holding
room, the innar box i# remcved, and the monkey is put in a holding cage.

Normal monkey exposure tiwe is 10 min, although times reng.ng
from 2-20 min have been used. When anthrax spores are used for challange,
hesds are shaven prior to exposure to reduce contamipation during the
holding period.

2. Guinea Pigs

For exposure of guinea pigs the plastic port boxea are used with
manual port valves. Guines pigs are placed in metal cans with hinged
neck-restraining devices. Four guinea pigs are placed in each plastic
holding rack which is then inserted into the port box and szealed by means
of wing nuts. (Figure 3) lmpingers are counected to the side of the boxes,
being supported in impinger racks which have been previously attached
to the tube supports. Manual port valves are opened pric- tc exposure.
After exposure, the generator is stopped and the impingers are allowed to
operate an additional 15 sec in order to evacuate contamingted air space
witbhin the box. The impingers are stopped, the manual valve is closad,
and the impingers are removed. After remcval of the wing outs, thes
guineca pig holding rack 1 rewoved from the ouier box, and tne animals
are returned to holding pens. The normal exposure time for guinea pige
is 10 nin.

3. Mice

The exposure of mice is similar tc that of guinea pigse except
that 10 are placed in a rectangular covered wire basket wita one basket
being placed in each plastic port box. The box 1s sesaled with a plastic
cover plate or empty guinea pig holding rack. Exposures then progress
as with guinea pigs. Normal exposure time is 10 min. (When wice are
usad, a total body exposure resv ts.)

4. Human Exposures

An exposure panrel (Pigure 15) 15 used for human exposures. This
panel is attached tc the center port by meens of & hose adapter, no
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FIGURE 14. MONKEY- EXPOSURE 80X IN POSITION.
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FIGURE 5. VOLUNTEER EXPOSURE PANEL
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internal valve being used. The slectrical timer is plugged into the nearest
110-V outlet, When the exposure level is in the down position, the subject
breathes filtered room air which is exhausted into the dry gas meter at the
right side of the panel. When the valve is moved to the up position, the
timer is activated and the subject breathes air directly from the exposure
tube exhaling into the left side dry gas meter. Two impingers are set in

a holding rack which has previously been attached to tube supports on the
back of the exposure tube. Tubing attached to the sampling adaptors nearest
the point of exposure at the top and bottom of the tube is connected to the
impinger inlets. Impingers are usually cperated for 5 or 10 min during each
exposure period. When the subject has established a constant breathing rate,
as determined by the attending physician, the aerosol generator and impingers
are’ ‘turned on. At the discretion of the physician the subject is exposed
during the sampling period for 90 sec, or 10 L inhalaed, or 16 breathing
cycl.l, vhichever is first attained. (Extensive: aampling has shown there
are no statistical differences between any l-min sampling intervals during
a lo-min period ) Figure 16 shows a man in position for expooure.

.5.' Other Species
‘ When exposure of other species of animals is contempfated. the
holding device used depends upon the ingenuity of the operator. . lxposure

of swine, rabbits, and chimpanzees has been successfully accomplished
using {mprovised equipment.v

PRDTECTIVE EQUIPMRNT

The exposure apparatus normally. operatec at an 1ntern11 vacuum of 0.5~
0.8 inches of Hy0. If the vacuum should ever drop below 0. 2 1nch‘u, the
prinary and secondary air are automnticully shut off by means of solenoid
valvea as a safety precaution. In spite of this, some respiratory. protec-
tion ‘is usually required for the oﬁerator. Rubber gloves and.a surgical
gown should be worn during any exposure unless the ‘oparator uses ‘the ‘
ventilated suit. During aerosolisgation of most vegetntivc ‘bacteria a
respirator (e.g., American Optical type) is acceptable. “When viruael or.
toxins are employed, the ventilated hood connected to a mask air line is#
required. The wearing of ventilated suits (Figure 17) is- ‘éssential vhet
spraying suspensions of pathogenic spores, after which thc operator must
go through the shower located in the suite. A tank of breathing air is
avuilable in the exposure room for emergency use..

oot

A. 'EXPOSURE APPARATUS

SR VIII. DECONTAMINATION

The exposure apparatus can be completely disassembled and autoclaved
or sterilized with ethylene oxide. All metal parts can be autoclaved,
whereas, rubber or plastic compounds should be gas sterilized, as should

)
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FIGURE 16. VOLUNTEER IN EXPOSURE POSITION.




FIGURE 17. OPERATOR WEARING VENTILATED SUIT.
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the humidity senaing slement, All contamiiated glassware and equipment
should be autoclaved, or in the case of toxin, inaztivated with 10 ppe
sodium hypochlorite.

B. ABROSOL SUITB

When pathogenic aspores have been aserosolized or it is necessary to
i2contaminate the suits for any other reaaon, /g-prDPIOIJCtone (BPL) is
uvsed, employing the fellowing procedure:

Six-bundred ml BPL (stored in refrigerator) are poured into the
Challenger disseminator (Z and W Manufacturing Co., Wickliffe, Ohio)
with extreme ceution 8o a¢ to preveat BPL from coming into contact with
skin or clething. The disvemin.tor iec sealed, placed ir the exposure
room, and plugged into the 110~V outlet which is controlled from the
hallway. 7The disseminator switch ia turned on, but the outlet switch
rem2ins off. An oscillating fapo blowing into the antercom is placed in
the doorway between ths axposure room and antercom. At this time, the
sxhauet ducte in the aatearoom and sxposure rcom are sealed, creating a
desd air space., The steam line {s then turned on until the RH reachss
80%, as messured by ties hygrometar: the steam valve {s then turned off.
The operator exits end {mmedietely seazls both doors to the sulte with
macking tape. The hall mwitch is turned on, activating the electric
circiit. After 30-min disseminiiion time, the &witch is turned ofr.

The LPL 1g allowed to remain for a minimum of 2 hr, but preferably over-
night. It {s 1mpertant that no one eoter during this period. If entry
mist be made, only personnel having complete skin protection and wesring
& gsas umask may anter., Afte~ this time the ares is air-wrghed for several
hours, usuaily by openir.; the outside docr (from the out.ide). The BFL
disseminator is than carefully cleaned, the floor is hosed down and tha
exhaust ducta are opened. If the arez is to remain in a dacontaminated
statc, the interior doors to the heliway should be kept segled gnd acceds
accomplished by means of the outelde door,

IX. LITERATURE CITED

1. Henderson, D, W. 1952, An apparatus for the study of air-borne
infection. J. Hyg. 50:53-58.

2. Kuehne, R, W,., W, D. Sawyer, and W, §. Grchenour, Jr. 1962, Infec-
tion with serosolired sttenuated Vetieruelan equine encephaiomyelitis
virus. Am. J, Byg. 75:347-350.

3. Berdjis, €. ., J. J. Shaldon, and R. W. Kushne. 1963. The mechaniasm
of deatb in anthrax in the zuinea pfg. p. 49 to 55. In Annual Progrece

Report, FY 1263. U. §. Army Medicel Unit, Port Detrick, Maryland.




10.

11.

12,

13.

29

Bardjle, C. C., ¢, 4. Glelsar, K, A, Hartman, R. W, Kuehne, and
W. S. Gochenour, .Jr. 1962, PFethogurnasis of respiratory anthrax
in Macaca mulatta. Brit. J. Exp. Fath. 43:515-524,

Dangerfield, H. G., W. C. Day, R. W, Kuehre, J. W. Higbee,

A. L. Hogge, Jr., and W, D, Sawyer. 1964. Postexposure treatment of
airborne simian tuleremia with tetracyclire, novoblocin, kanamyecin
ard gentamycin, p. 142 to 153. 1In Annuel Progress Report, FY 1964,

U. S. Army Medfcsl Unit, Fort Detrick, Maryland.

Gochanour, W. 8., Jr., W, D. Sawyer, J. E. Henderson, C. A. Gleiger,
R. W. Kuehne, and W. D, Tigertt., 1963. On the recognition and
therapy of simian woolecrter's disease. J. Hyg. 61:317-322.

Kuehne, R, W., W. C, Day, A. L. Hogge, Jr., and W. D. Sawyer. 1964,
The efficacy of viable Pasteurelle tulavrensis vaccine against respira-
tory chailenge with 3CHU-S4 and SCRU-S§5 in Macaca mulatta, p. 128 to
135, In Annual Progress Report, FY 1964. U. S. Army Medical Urit,
Fort Dettick Maryland.

Sawy.r, W. D. R. W. Kuehne, arnd W. $. Gochenour, Jr. 19¢:. Simul-
taneous aerogol immunlzation of monkeys with live tularemi and live

Venezuelan equine encephalomyelitis vaccines. Milit, Med. 129:1040C-
1G43.

Taber, L. E., A, L. Hogge, Jr., R. W. Kuchne, and W. D, Sawyer. 1963.
Postexposure prophylaxis and treatment of airborne gimian tularemia
with tetracycline, p. 154 to 163. In Annual Progress Report, FY 1963.
U. §. Arpy Medical Uniz, Fort De*rick Maryland.

McGann, V. G.., gnd S. McConnell, 1047 Femmosmnd mod Azt

..... wuv;va;»‘; .Luu‘.eu bLLKI

microbial toxins, p. 251 to 259. 1ln Annusl Progress Report, FY 1967.
U. S. Army Medical Unit, Fort Detrick Maryiend.

Tully, J. G., S. Gaines, and W, D. Tigertt. 1963. Studies on infec-
tion and immunity in experimentsl typhoid fever. V. Respiratory
challenge of chimpenzees with Salmonella typhosa. J. Infect. Dis.
113:131-138.

Dengerfield, H. G., R. W, Kuehne, H. T, Eigeisbech, A, L, Hogge, Jr.,
J. J. Dennehy, J. W. Bass, and W, D. Seswyer. 1963. Evaluation of
efficecy of experimental vaccinee, p. 147 to 151. £n Annuel Progress
Report, FY 1963. U. 5. Army Medical Unit, Fort Detrick, Maryland,

Sawver, W, D, H. G, Dangerfield, A L. Hogge, Ji., and D. Crozier,

1966. Antibiotic prophylaxxe and therapy of airborne tularemia.
Bact, Rav. 30:542-548,




30

14,

i5.

16.

17.

18.

19.

20,

21.

Tigartt, W, D,, D. Crogier, T. J. Bmith, R, P. Jasger, R. W, Xushne,
H. T. Bigelebach, end J. V., Jemaki{, 1§62, Rfficacy of serogenic
immunization of man with LVS tularsmia veccine, p. 133 to 139. Im
Annual Progvess Report, FY 1962. U, §. Army Medicsl Unit, Fort
Detrick, Msryland.

Jaeger, R, F., R, 0. Spertzel, and K. W. Kuehne. 1961. Detection
of airborne Pastevrells tulsrensis using the fluorescent antibody
technique. Appl. Micrcblol. 9:585-587.

Kuehre, R, W., and W, S. Gocbenour, Jr. 1961 A slit samplar for
collecting T3 bacteriophage £nd Venezuelan equing encephaulomyelitis
virus. . Studies with Venezuelan equine encephalomyelitis virus,.
Appl. Hicrobiel. 9:106-107.

Collison, W. E. 1335. 1Inhelation Therapy Technique. Haineman,
London.

Wolf, H, W., P. 3kally, L. &, Hall, M. M. Harrig, L. E. Buchanan,
H. M. Decker, gnd C. M. Dahlgren. 1959. Sampling Microbiological
Aesrascls, (Public Health Yonograph No. £0). U. §. Departiment
Heglth, Education and Welfare, U. 8. Government Printing Cifice,
Weshington, U, C. 53 p.

Reed, L. J., and H. Muench. 1938. A simple method of estimating
fifty percent endpoints. Am. J. Hyg. 27:493-497.

Guyton, A. C. 1%47. Measuremant of ths resplratory volume of
laboratory animals. Am, J, Physiol. 150:70-77,

McConnell, S., H, W, Wkitford, and R. W. Kuehne. 1967. Dester-
minstioa of the monkey median favesr dose fifty of ataphylococcal
enterotoxin B by tha aercsol routs, p. 88 to 89. In Annusl

Progress Report, FY 1567, U. 8., Army Madical Unit, Fort Detrick,
Maryland,




